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$P(f, V(\Omega))$ : Lipschitz $\Omega\subset \mathbb{R}^{d}(d\geq 2)$ , $(\xi, z, \zeta)\mapsto$
$\hat{W}(\xi, z, \zeta)\in C^{1}(\Omega\cross \mathbb{R}^{m}\cross \mathbb{R}^{mxd})$ $f\in H^{1}(\mathbb{R}^{d};\mathbb{R}^{m})$ ,
, $V(\Omega)\subset H^{1}(\Omega;\mathbb{R}^{m})$
$u\in V(\Omega)$ .
$\mathcal{E}(v;f, \Omega)=\int_{\Omega}\{\hat{W}(x, v, \nabla v)-fv\}$
$m=1$ , $m>1$
, $D$ $m$ $H^{\theta}(D;\mathbb{R}^{m})$
$\Vert\cdot\Vert_{s,2,D}$ , 1 $W^{1,\infty}(D;\mathbb{R}^{m})$ $\Vert\cdot\Vert_{1,\infty,D},$ $\partial_{j}=\partial/\partial x_{j}$ ,
$a_{i}b_{i}=\Sigma_{i}a_{i}b_{i}$ . , , , .
, .
(Hl) $v,$ $w\in V(\Omega)$
$\delta\hat{W}(v)[w]=\lim_{\epsilonarrow 0}\epsilon^{-1}\{\hat{W}(x, v+\epsilon w, \nabla v+\epsilon\nabla w)-\hat{W}(x, v, \nabla v)\}$
, $v\mapsto\delta\hat{W}(v)$ $V(\Omega)$ $V(\Omega)^{*}$ .
(H2) $v,$ $w\in V(\Omega)$ , $v,$ $w$ $C_{1}>0$
.
$| \int_{\Omega}\delta\hat{W}(v)[w]|\leq C_{1}\Vert v\Vert_{1,2,\Omega}\Vert w\Vert_{1,2,\Omega}$
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(H3) $v\in V(\Omega)$ , $v$ $C_{2}>0$ .
$\int_{\Omega}\delta\hat{W}(v)[v]\geq C_{2}\Vert v\Vert_{1,2,\Omega}^{2}$
$(H1)\sim(H3)$ $a_{\Omega}(v, w)= \int_{\Omega}\delta\hat{W}(v)[w]$ $V(\Omega)\cross V(\Omega)$ 2
, $u$ , $\int_{\Omega}\hat{W}(x, v, \nabla v)=\frac{1}{2}a\Omega(v, v)$ .
1.1
Lipschitz $\omega\subset \mathbb{R}^{d}$ $\mu=(\mu^{1}, \cdots,\mu^{d})\in W^{1,\infty}(\mathbb{R}^{d};\mathbb{R}^{d})$
, $J$ $\mathcal{J}_{\omega}(u, \mu)$ $\omega\cap\Omega$ $R_{\omega}(u, \mu)$ $\partial(\omega\cap\Omega)$
$P_{\omega}(u,\mu)$ $\mathcal{J}_{\omega}(u,\mu)=P_{\omega}(u, \mu)+R_{\omega}(u, \mu)$ .
$P_{\omega}(u, \mu)=\int_{\partial(\omega\cap\Omega)}\{\hat{W}(u)(\mu\cdot n)-\hat{T}(u)\cdot(\mu\cdot\nabla u)\}$
$R_{\omega}(u, \mu)=-\int_{\omega\cap\Omega}\{\mu\cdot\nabla_{\xi}\hat{W}(u)+f(\mu\cdot\nabla u)-\partial_{\zeta_{ij}}\hat{W}(u)\partial_{j}\mu^{k}\partial_{k}u_{i}+\hat{W}(u)div\mu\}$
$\hat{T}_{i}(u)=n_{j}\partial_{\zeta_{ij}}\hat{W}(\xi, z, \zeta)|_{(\xi,z,\zeta)=(x,u,\nabla u)}$
$\hat{W}(u)=\hat{W}(x,u, \nabla u),$ $n=(n_{1}, \cdots,n_{d})$ $\partial(\omega\cap\Omega)$
.
$J$ .
1. ( $R$ ) $R_{\omega}(u, \mu)$ $u\in H^{1}(\Omega;\mathbb{R}^{m})$ .
2. ( ) $u|_{\omega\cap\Omega}\in H^{2}(\omega\cap\Omega|\mathbb{R}^{m})$ , $\mathcal{J}_{\omega}(u,\mu)=0$
$\mu\in W^{1,\infty}(\mathbb{R}^{d};\mathbb{R}^{d})$ .
3. ( ) $\omega$ 2 $\omega_{1},\omega_{2}$ , , $\omega_{1}\cap\omega_{2}=\emptyset$ $\overline{\omega}=\overline{\omega_{1}}\cap\overline{\omega_{2}}$
, $u$ $\partial\omega_{1}$ $\partial\omega_{2}$ $H^{2}$
$\mathcal{J}_{\omega}(u, \mu)=\mathcal{J}_{\omega_{1}}(u,\mu)+\mathcal{J}_{\omega_{2}}(u, \mu)$
$\omega_{1}\subset\omega,$ $\omega_{2}=\omega\backslash \overline{\omega_{1}}$ : $n^{(1)}$ $\partial\omega_{1}$ $\omega_{1}$
, $n^{(2)}$ $\partial\omega_{2}$ $\omega_{2}$
$n^{(1)}(x)=-n^{(2)}(x)$ for $x\in\partial\omega_{1}=\partial\omega_{1}\cap\partial\omega_{2}$
$P_{\omega}(u, \mu)+R_{\omega}(u, \mu)=P_{\omega}(u, \mu)+R_{\omega_{1}}(u, \mu)+R_{\omega_{2}}(u, \mu)+P_{\omega_{1}}(u, \mu)-P_{\omega_{1}}(u, \mu)$




$-\Delta u=f$ in $\Omega$
$P_{\omega}(u, \mu)=\int_{\partial(\omega\cap\Omega)}\{\frac{1}{2}|\nabla u|^{2}(\mu\cdot n)-\frac{\partial u}{\partial n}(\mu\cdot\nabla u)\}$
$R_{\omega}(u, \mu)=-\int_{\omega\cap\Omega}\{f(\mu\cdot\nabla u)-(\nabla u\cdot\nabla\mu^{k})\partial_{k}u+\frac{1}{2}|\nabla u|^{2}div\mu\}$
$-\partial_{i}a_{ij}\partial_{j}u=f$ in $\Omega$ , $a_{ij}=aji$
$P_{\omega}(u, \mu)=\int_{\partial(\omega\cap\Omega)}\{\frac{1}{2}(a_{ij}\partial_{j}u\partial_{i}u+bu^{2})(\mu\cdot n)-(n_{i}a_{ij}\partial_{j}u)(\mu\cdot\nabla u)\}$ ,
$R_{\omega}(u, \mu)=-\int_{\omega\cap\Omega}\{\frac{1}{2}((\mu\cdot\nabla a_{ij})\partial_{j}u\partial_{i}u+(\mu\cdot\nabla b)u^{2})+f(\mu\cdot\nabla u)$
$-(a_{ij} \partial_{j}u\partial_{i}\mu^{k})\partial_{k}u+\frac{1}{2}(a_{ij}\partial_{j}u\partial_{i}u+bu^{2})div\mu\}$
$-\partial_{j}\sigma_{ij}(x,u)=f_{i}$ in $\Omega$
$P_{\omega}(u, \mu)=\int_{\partial(\omega\cap\Omega)}\{\frac{1}{2}\sigma_{ij}(x, u)e_{ij}(\uparrow\iota)(\mu\cdot n)-n_{j}\sigma_{ij}(x, u)(\mu\cdot\nabla u_{i})\}$
$R_{\omega}(u, \mu)=-\int_{\omega\cap\Omega}\{\frac{1}{2}(\mu\cdot\nabla C_{ijkl})e_{kl}(u)e_{ij}(u)+f_{i}(\mu\cdot\nabla u_{i})$
$- \sigma_{ij}(x,u)\partial_{j}\mu^{k}\partial_{k}u_{i}+\frac{1}{2}\sigma_{ij}(x,u)e_{ij}(u)div\mu\}$
$e_{ij}(u)= \frac{1}{2}(\partial_{j}u_{i}+\partial_{i}uj)$ , $\sigma_{ij}(x, u)=C_{ijkl}(x)e_{ij}(u)$
$C_{ijk}i(x)=C_{jilk}(x)=C_{klij}(x)$ .
[8] [5]
$P_{\omega}( \tilde{u}, \mu)=\int_{\partial(\omega\cap\Omega)}\{\hat{W}(\tilde{u})(X\cdot n)-(n_{j}\sigma_{E,ij}(u,\omega))(\mu\cdot\nabla u_{i})$
$-(n_{j}\sigma_{R,ij}(u,\omega))(\mu . \nabla\omega_{i})\}$ ,
$R_{\omega}( \tilde{u}, \mu)=-\int_{\omega\cap\Omega}\{f_{i}(\mu\cdot\nabla u_{i})-\sigma_{E,ij}(u,\omega)\partial_{j}\mu^{p}\partial_{p}u_{i}$
$-\sigma_{R,ij}(u,\omega)\partial_{j}\mu^{p}\partial_{p}\omega_{i}+\hat{W}(\tilde{u})div\mu\}$ ,
$\epsilon_{kij}$ $\lambda,$ $\mu,$ $\alpha,$ $\epsilon,$ $v,$ $\beta$
$\mu>0,3\lambda+2\mu>0,$ $\alpha>0,$ $v>0,3\epsilon+2v>0,$ $\beta>0$ ,
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$V(\Omega)=\{\tilde{u}=(v,\omega)\in W^{1_{1}2}(\Omega)^{6}|\tilde{u}=0$ $on\Gamma_{D}\}$ .
(H3) [5] .
12 $J$
, $\Omega$ $\{\Omega(t)\}_{0\leq t<\epsilon}$ , $\Omega$ $\Omega(t)$ $\Phi_{t}$
.
(Ml) $t\mapsto\Phi_{t}\in C^{1}([0, \epsilon);W^{1,\infty}(\mathbb{R}^{d};\mathbb{R}^{d}))$
(M2) $\Phi_{t}$ $\mathbb{R}^{d}$ $\mathbb{R}^{d}$ , $\Phi_{t}(\Omega)=\Omega(t)$
$P(f, V_{t}(\Omega(t)))$ : $V_{t}(\Omega(t))=\{w:w=v\circ\Phi_{t},v\in V(\Omega)\}$
$u(t)\in V_{t}(\Omega(t))$ .
$\mathcal{E}(w;f, \Omega(t))=\int_{\Omega(t)}\{\hat{W}(x, w, \nabla w)-fw\}$
1 $(H1)\sim(H3)$ $P(f, V(\Omega))$ , $(M1)\sim(M2)$
$P(f, V_{t}(\Omega(t)))$
$\frac{d}{dt}\mathcal{E}(u(t);f, \Omega(t))|_{t=0}=-R_{\Omega}(u, \mu_{\Phi})-\int_{\theta\Omega}fu(\mu_{\Phi}\cdot n)$
. $\mu_{\Phi}=d\Phi_{t}/dt|_{t=0}$ .
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[6] , (Ml) $t\mapsto\Phi_{t}\in C^{2}([0, \epsilon);C^{\infty}(\mathbb{R}^{d};\mathbb{R}^{d}))$
. $[$7$]$ , $t\mapsto\Phi_{t}\in C^{2}([0, \epsilon);W^{2,\infty}(\mathbb{R}^{d};\mathbb{R}^{d}))$ ,









2 $\varphi\in C_{0}^{\infty}(\Omega;\mathbb{R}^{m})$ , $P(\varphi, \Omega)$
$u_{\varphi}$
$\frac{d}{dt}\int_{\Omega(t)}u(t)\varphi=\delta R_{\Omega}(u, u_{\varphi};\mu_{\Phi})+\int_{\partial\Omega}fu_{\varphi}(\mu_{\Phi}\cdot n)$
. , $\delta R_{\Omega}(u, u_{\varphi};\mu_{\Phi})=\lim_{\epsilonarrow 0}\epsilon^{-1}\{R_{\Omega}(u+\epsilon u_{\varphi};\mu_{\Phi})-R_{\Omega}(u;\mu_{\Phi})\}$ . ,
$| \delta R_{\Omega}(u, u_{\varphi};\mu_{\Phi})+\int_{\partial\Omega}fu(\mu_{\Phi}\cdot n)|\leq C_{3}\Vert f\Vert_{1,2,\mathbb{R}^{d}}\Vert\varphi\Vert_{0,2,\mathbb{R}^{d}}\Vert\mu_{\Phi}\Vert_{1,\infty,\mathbb{R}^{d}}$
, $c_{0}\infty(\Omega;\mathbb{R}^{m})$ $H^{0}(\Omega;\mathbb{R}^{m})$ $=$ $L^{2}(\Omega;\mathbb{R}^{m})$ $t^{-1}(u(t)\circ\Phi_{t}-u)$
$L^{2}(\Omega;\mathbb{R}^{m})$
$\frac{d}{dt}\int_{\Omega(t)}u(t)\varphi=\int_{\Omega}(u-\mu\cdot\nabla u)\varphi,$ $u= \lim_{tarrow 0}t^{-1}(u(t)\circ\Phi_{t}-u)$
.
[7] .
, $u$ , $u’=u-\mu\cdot\nabla u$ .
$u’\in L^{2}(\Omega;\mathbb{R}^{m})$ . $u(\Omega)$
$J^{o}(u( \Omega))=\int_{\Omega}g(u(\Omega))$
, $\Omega$ . , $z\mapsto g(z)\in H^{1}(\mathbb{R}^{m};\mathbb{R})$ .
$u(\Omega)\in H^{1}(\Omega;\mathbb{R}^{m})$ , $\{\Omega(t)\}_{0\leq t<\epsilon}$ $u^{l}\in L^{2}(\Omega;\mathbb{R}^{m})$ , .
$\frac{d}{dt}\int_{\Omega(t)}g(u(t))t=0^{=}\int_{\Omega}\nabla_{z}g(u)u’+\int_{\partial\Omega}g(u)(\mu_{\Phi}\cdot n)$
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$\Omega$ ( ) , $u_{h},p_{h}$
, $h$ $\delta R_{\Omega}(u_{h},p_{h};\mu_{\Phi})arrow\delta R_{\Omega}(u,p;\mu_{\Phi})$
.











$\hat{T}(u)=\partial_{n}u,\hat{T}(p)=\partial_{n}p,$ $\delta\hat{W}(u)[p]=\nabla u\cdot\nabla p=(\partial_{n}u)(\partial_{n}p)$ ,
$\frac{d}{dt}\int_{\Omega(t)}g(u(t))t=0^{=}\int_{\partial\Omega}\{\partial_{n}u\partial_{n}p+g(u)\}(\mu_{\Phi}\cdot n)$
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. Neumann 1 $V(\Omega)=H^{1}(\Omega;\mathbb{R}^{m})$ , $\hat{W}(u)=\frac{1}{2}(|\nabla u|^{2}+u^{2})$
$\frac{d}{dt}\int_{\Omega(t)}g(u(t))t=0^{=}\int_{\partial\Omega}\{-(\nabla u\cdot\nabla p+up)+fp+g(u)\}(\mu_{\Phi}\cdot n)$
22
$\grave$ Dirichlet Neumann $A$ $A$ $u=0$ on $\Gamma_{D},\hat{T}(u)=0$ on $\Gamma_{N}$ ,
$B(\epsilon)$ $\Gamma_{DN}=\overline{\Gamma_{D}}\cap\overline{\Gamma_{N}}$
$B(\epsilon)=\{x\in \mathbb{R}^{d}$ : $\min_{y\in\Gamma_{DN}}|x-y|<\epsilon\}$
$\Omega(\epsilon)=\Omega\backslash B(\epsilon)$ $u|_{\Omega(\epsilon)},p|_{\Omega(\epsilon)}\in H^{2}(\Omega;\mathbb{R}^{m})$ ,
.
$\delta R_{\Omega}(u,p;\mu_{\Phi})=-\delta P_{\Omega(\epsilon)}(u,p;\mu_{\Phi})+\delta R_{B(\epsilon)}(u,p;\mu_{\Phi})$
22.1 2
, $d=2$ $\Gamma_{DN}=\{\gamma_{1}, \gamma_{2}\}$ 2 . $\omega(\epsilon)$
$u= \sum_{j=1}^{2}k(\gamma_{j})r(\gamma_{j})^{1/2}$ sm $(\theta(\gamma_{j})/2)+u_{R}$ , $u_{R}\in H^{2}(\omega(\epsilon)\cap\Omega)$
. $(r(\gamma j), \theta(\gamma_{j}))$ $\gamma j$ , $\theta(\gamma j)$ Dirichlet
, $k(\gamma j)$ .
$\lim_{\epsilonarrow 0}\int_{\partial(\omega(\epsilon)\cap\Omega)}\{\hat{W}(u)(\mu\cdot n)-\partial_{n}u(\mu\cdot\nabla u)\}=\frac{\pi}{8}\sum_{j=1}^{2}k(\gamma_{j})^{2}\mu(\gamma_{j})\cdot\tau(\gamma_{j})$ sign$D(\tau(\gamma_{j}))$
. , $\tau(\gamma j)$ $\gamma_{j}$ , $\tau(\gamma j)$ Dirichlet
sign$D(\tau(\gamma j))=1$ , $sign_{D}(\tau(\gamma j))=-1$ .
$\frac{d}{dt}\mathcal{E}(w(\Phi_{t});f, \Phi_{t})|_{t=0}=\lim_{\epsilonarrow 0}\int_{\partial\Omega\backslash \omega(\epsilon)}\{\hat{W}(u)(\mu\cdot n)-\partial_{n}u(\mu\cdot\nabla u)\}$
$- \frac{\pi}{8}\sum_{j=1}^{2}k(\gamma_{j})^{2}\mu(\gamma_{j})\cdot\tau(\gamma_{j})$ sign$D( \tau(\gamma_{j}))+\int_{\Gamma_{N}}fu(\mu\cdot n)$
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,$-R_{\Omega}(u, \mu)=P_{\Omega}(u, \mu)-\frac{\pi}{8}\sum_{j=1}^{2}k(\gamma_{j})^{2}\mu(\gamma_{j})\cdot\tau(\gamma_{j})sign_{D}(\tau(\gamma_{j}))$





(2) , $\Omega^{o}$ [2]
. , ,
.
1. $\Omega$ , $P(f, V(\Omega))$ .
$u_{h}$ .
2. $P(\nabla_{z}g(u), \Omega)$ $p$ , $P(\nabla_{z}g(u_{h}), \Omega)$ $p_{h}$ .
3. $H^{1}(\Omega;\mathbb{R}^{d})$ $b(\eta, \eta^{l})$ .
4. , $\eta\in H^{1}(\Omega;\mathbb{R}^{d})$
$\mu$ .
$u,p$ $u_{h},p_{h}$ .
$-b( \mu, \eta)=\delta R_{\Omega}(u,p;\eta)+\int_{\partial\Omega}(fp+g(u))(\eta\cdot n)$
5. $\epsilon>0$ $\Omega(\epsilon)=\{x+\epsilon\mu(x);x\in\Omega\}$ ,
$\int_{\Omega(\epsilon)}g(u(\epsilon))\leq\int_{\Omega}g(u)$
6. , $\Omega=\Omega(\epsilon)$ 1 .
,
$b(\eta, \eta)\geq\alpha\Vert\eta\Vert_{1,2,\Omega}^{2}$ $\forall\eta\in H^{1}(\Omega;\mathbb{R}^{d})$
$\Phi_{\epsilon}(x)=x+\epsilon\mu(x)$




$J^{o}(u(\Omega_{\epsilon}))<J^{o}(u(\Omega))$ . , 4 $\eta\mapsto\delta R_{\Omega}(u,p;\eta)$
$H^{1}(\Omega;\mathbb{R}^{d})$ , $u,p$ $W^{1,\infty}(\Omega;\mathbb{R}^{d})$
$|\delta R_{\Omega}(u,p;\mu)|\leq C_{2}\Vert u\Vert_{1,2,\Omega}\Vert p\Vert_{1,2,\Omega}\Vert\mu\Vert_{1,\infty,\Omega}$
. , $u$ $P$ $\mu\mapsto\delta R_{\Omega}(u,p;\mu)$ $H^{1}(\Omega;\mathbb{R}^{d})$
$\overline{\delta R}_{\Omega}(u,p;\mu)$ . $\delta R_{\Omega}(u,p;\mu)$ , $u,p,$ $\mu$ $\partial_{i}$
$\Vert up\Vert_{1,2,\Omega}\leq C_{3}\Vert u\Vert_{1+k,l,\Omega}\Vert p\Vert_{1+k,l,\Omega}$
$k,$ $l$ . , .
1. $d=2$ , $u,p\in W^{1,l}(\Omega;\mathbb{R}^{m}),$ $l>2$
122. $d=3$ , $u,p\in W^{1,l}(\Omega;\mathbb{R}^{m}),$ $l>--$
3. $u,p\in H^{2}(\Omega;\mathbb{R}^{m}),$ $k=1$ $l=2$ .
, 2 $\overline{\delta R}_{\Omega}(u,p;\mu)$ ,
.
( ) ( )
, ( ) $J$ ,
$J$ .
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